Fluorescence data of 3-ethoxycarbonyl-, 3-acetyl-, 3-phephyl-, 4-methyl-3-phenyl-, 3-(2-benzothiazolyl) -and 3-cyanosubstituted 7-hydroxycoumarines are reported as a function of acidity (ph 0 -9). Unlike umbelliferone or its 4-methyl derivative they do not exhibit significant photoautomerism in acidified solutions, but with the exception of the benzothiazolyl derivative. This behaviour can be interpreted in terms of a) steric hindrance by the substituent and b) en hanced charge delocalisation in the first excited singlet state, leading to lower basicities at the ring carbonyl oxygen.
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Coumarines such as umbelliferone (7-hydroxycoumarine) or its 4-methyl derivative (4-MU) can be used in widely tunable dye lasers 2-5 due to a Reprint requests to Dr. 0. S. Wolfbeis, Institut für Orga nische Chemie der Universität, Heinrichstr. 28, A-8010 Graz, Austria.
variety of fluorescence bands in acidified alcoholic solutions. Emission has been shown to occur from neutral, anionic, protonated and phototautomeric (exciplex) forms 6_12, the nature of the latter, how ever, still being investigated 13.
The enhanced fluorescence intensity of umbelli ferones having an electron withdrawing substituent in 3-position 14 as well as their low lasing thresh old15 made it interesting to study their emission pn-dependence with regard to a possible phototautomerism in the first excited singlet state. Spectra of some of the compounds have been reported in water solutions "under optimal conditions of and wavelength"16, but not in a neutral or acidic milieu.
Experimental
Compounds 1 17, 2 18, 3 19, 4 20, 5 21 in Table 1 have been synthesized according to literature known procedures. 6, which could not be prepared by the re ported method18 (jrans-ethyl-a-cyano-2,4-dihydroxycinnamate of mp. 166° being isolated instead), was obtained by applying a related condensation22: 2,4- All compounds were carefully purified by re peated crystallisation from different solvents. Ben zene, methanol and dimethylsulfoxide were of spectrograde purity (UVASOL®, Merk), buffers (phos phate and citrate) and 0.1 N HCl were commer cially available products (Merck).
Results
Absorption and fluorescence maxima in benzene, methanol, DMSO and aqueous solutions of different Ph are compiled in Table 1 . The spectra in organic solvents have been run in order to find the location of the neutral molecule emission hand, since in water solution several fluorescent species (e. g. anion A, neutral molecule N, tautomer T and protonated forms Pj and P2) may be present simultaneously.
Solvatochromism is observed in the absorption and more distinct in the fluorescence spectra, indicating a highly dipolar excited state. In aqueous solution of pe 9 both absorption and emission occur from the excited anion (Table 1 ). All the compounds in alkaline solution exhibit shoulderless emission bands and a very strong fluores cence intensity. With increasing acidity (at pn 6 -5) the anion absorption bands diappear (pk 6.5 -7), whereas the location of the fluorescence maxima remains unchanged, albeit at reduced intensity (photodissociation). In the pn 4 region, however, new emission bands begin to arise as shoulders or inflexions.
As the emission maxima of the neutral forms are known from the methanol spectra, their assignement (Table 1) can readily be made. Additional new bands at pn 4, referred under "others", are tenta tively assigned to phototautomeric and not to pro tonated species, since protonation is not expected to take place in the coumarin series at this relatively low acidity.
In 0.1 N HCl solution the anion emission band in some cases is still present as a shoulder (2, 3, 4) or as a well defined band (1). And with the exception of 5 the longwave emission band is a very weak one. One of the requirements of broadband tunable dye lasers, namely continuous emission over a wide range, is best fulfilled with 0.1 N HCl solutions of 4, and with pn 2 -3 aqueous alcoholic solutions of compound 5.
The limited ability of 3-substituted umbelliferones to form longwave emitting phototautomers can be explained by steric and electronic reasons. Bulky substituents in 3-position (in particular phenyl) prevent the attack of a proton to the lactone carbonyl oxygen during the lifetime of the excited state, which is usually in the order of some nano seconds 6-9. Furthermore electron withdrawing sub stituents are able to reduce the excited state basicity of the ring carbonyl oxygen. Following electronic excitation of umbelliferone or 4-MU, negative charge is transferred to the carbonyl oxygen exclusively (S0-> Si), leading to a drastically enhanced basicity there. This state is best represented by formula Sx.
With an electron attracting substituent in position 3 charge transfer is not only to be expected towards the lactone carbonyl oxygen, but also towards the substituent (Sx formulae A, B or C). In other words, excited state basicity is delocalized over several atoms 23. In the case of the relatively elec tron rich benzothiazolyl substituent with practically no electronegative properties, in 0.1 N HCl solution the long wave emission band of the phototautomer (508 nm) is very strong for this reason. Another consequence follows from the above con siderations: The substituents in Table 1 should not affect a possible phototautomerism when attached to the lactone ring in 4-position, since no resonance structures like A, B or C can be formulated for the SA state in this case (D ).
Indeed 4-phenyl-7-hydroxycoumarin in aqueous solution at no pu fluoresces from its neutral form 24.
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